Dogs and monkeys were inoculated intracerebrally or intramuscularly with Lagos bat virus or Mokola virus, two viruses serologically and morphologically related to rabies virus. All animals inoculated intracerebrally died, but some animals inoculated intramuscularly survived. One monkey inoculated intramuscularly with Lagos bat virus survived with a hemiparesis. In both dogs and monkeys that died there was a nons uppurative meningoencephalomyelitis and ganglionitis. Lesions were more extensive than those reported after infection with street rabies virus. Intracytoplasmic inclusions, morphologically indistinguishable from Negri bodies, were seen in the central nervous system of monkeys, but not dogs, that died. With fluorescent-antibody microscopy, granular aggregations of viral antigen were observed in the cytoplasm of many neurons in the central nervous system. In some animals, the retina and ciliary body of the eye had focal inflammatory changes.
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Recent studies [25, 26] have shown that two African viruses, Lagos bat [3] and Mokola (IbAn 27377) [10] , are serologically as well as morphologically related to rabies virus, and on this basis the three agents are considered to represent a subgrouping within the rhabdoviruses [25] .
To obtain data for comparing the two African viruses with street rabies virus in terms of pathogenicity and type of disease response induced, dogs and monkeys were experimentally infected with Lagos bat and Mokola viruses. Clinical, serologic, virologic, and fluorescent-antibody studies of these animals are reported by TIGNOR et al. [27] . This paper reports gross pathologic and histopathologic changes in 14 of the animals.
Materials and Methods
The overall study involved nine purebred beagles, each about 3 months old, and 16 Rhesus monkeys al I at least 5 years old. The animals were kept in individual cages.
As previously reported [27] , Lagos bat virus (17th mouse-brain passage) and Mokola virus (fifth mouse-brain passage) were inoculated as 0.5 011 of mouse brain suspended 10% w/v in phosphate-buffered saline diluent. The virus titers of these inocula were, respectively, 6.2 10gIO LD 5o/ml and 7.2 10gIO LD 5o/ml in infant mice inoculated intracerebrally. Dogs and monkeys were inoculated either intracerebrally (left hemisphere) or intramuscularly (left masseter of dogs, left triceps of monkeys).
Necropsy was done on the 14 dogs and monkeys in table I. Living animals were anesthetized by intravenous administration of pentobarbitone sodium, and exsanguinated via cardiac puncture.
Tissues, fixed in formalin or Bouin's fluid and embedded in paraffin, were sectioned at 6 11m and routinely stained with hematoxylin and eosin (HE). In addition, selected tissues were stained with Bodian's, Luxol fast blue, phosphotungstic acid-hematoxylin, and Schleifsteiri's stain [14] . Sections were examined from the frontal, temporal, parietal, and occipital regions of the brain, pons, and cerebellum; the cervical, thoracic, and lumbar regions of the spinal cord (C 3 , T 3 , and L3 ) and the corresponding dorsal root ganglia; trigeminal ganglion; eye; brachial plexus; sciatic nerve; lung; heart; liver; spleen; kidney; parotid and mandibular salivary glands; and pancreas.
Tissues collected for fluorescent microscopy were rapidly frozen in aluminium-foil boats suspended in a mixture of dry ice and ethyl alcohol. Serial 6-1101 sections were cut in a cryostat at _20 0 C. Slides were stained by the indirect fluorescent-antibody method [27] ; also, for selected tissues, alternate slides were stained with HE for light microscopy. Sections were examined from the frontal, hippocampal, pontine, and cerebellar regions of the central nervous system; the C 3 , T 3, and L 3 regions of the spinal cord; trigeminal ganglion; parotid and mandibular salivary glands; pancreas; lung; heart; spleen; and kidney. Also, frozen selected tissues from the central nervous system were sectioned, stained with Sellers' stain, and examined for Negri bodies [241.
Results
Clinical outcome and central nervous system lesions in the 14 dogs and monkeys selected for necropsy are summarized in table 1. Rabies-like clinical signs were often seen in the animals that died; these signs included dyspnea, nervous derangement, partial paresis with progression to lateral recumbency, champing fits, and intermittent convulsions [27] .
Gross Findings in Dogs and Monkeys
Only dog 2 had visceral lesions ; these incl uded extensive pulmonary edema and ecchymoses throughout the myocardium. Dog 5 appeared dehydrated at necropsy. In monkey 70, muscles of the left scapula and upper forelimb were atrophied, and there was also atrophy of the musculature of the left hind limb. Several of the other monkeys were thin and apparently dehydrated. 
Histopathologic Findings in Dogs

Brain
In dogs inoculated intracerebrally with either virus (table II) , there was a disseminated nonsuppurative meningoencephalitis characterized by neuronal degeneration, vasculitis, perivascular cuffing, and mononuclear cell infiltration in both the brain substance and leptomeninges. Lesions were extensive in most areas examined, but were most pronounced in the grey matter. Reactive areas were usually extensive in the brain stem region, with focal aggregations of mononuclear cells and obliteration of the normal architecture. There also were numerous lesions in both cerebral hemispheres. Neuronal changes varied from cytoplasmic swelling and vacuolation to acidophilic necrosis, the latter often accompanied by minimal to moderate microgliosis. Some astrocytes and oligodendrocytes had pyknotic to karyorrhectic nuclei. Many capillaries, arterioles, and venules showed an acute vasculitis with proliferation of endothelial cells, leukocytic margination, and polymorphonuclear and mononuclear cell infiltration ( fig. 1 ). Lesions were relatively sparse in the cerebellar cortices of dogs inoculated intracerebrally with Lagos bat virus, but were extensive in those of dogs inoculated intracerebrally with Mokola virus (fig. 2 ). In the latter, the lesions consisted of focal to segmental areas with degeneration of Purkinje cells, increased cellularity in the overlying molecular layer of the cerebellum, and relative sparing of the inner granular layer.
The brain of dog 3 (given Lagos bat virus, intramuscularly) had disseminated focal meningoencephalomyelitis. These lesions, unlike those in dogs that died, were most extensive in the white matter and were characterized by prominent perivascular cuffing with mononuclear cells, lymphocytes predominating.
Paraffin-embedded sections processed with Schleifstein's stain and frozen sections processed with Sellers' stain occasionally showed poorly defined, irregular material interspersed in the cytoplasm of degenerate neurons. The poor definition of these structures precluded their interpretation as bona fide Negri inclusion bodies.
Spinal Cord
Lesions similar to those observed in the brain were numerous in dogs given Mokola virus intracerebrally but sparse or absent in dogs given Lagos bat virus, intracerebrally. Reactive areas were most extensive in the grey matter. Dog 3 (given Lagos bat virus, intramuscularly) also had numerous lesions in the spinal cord.
Trigeminal and Dorsal Root Ganglia
Lesions, characterized by degeneration of ganglion cells, proliferation of capsular cells, and mononuclear cell infiltration, were again more numerous in the dogs given Mokola virus intracerebrally than in those given Lagos bat virus intracerebrally. In general, the intensity of changes in the dorsal root ganglia matched that in the corresponding segment of the spinal cord. Although there frequently was clumping of Nissl substance in the cytoplasm of degenerate nerve cells, Negri bodies were not observed.
Eyes
In dog 5 (given Mokola virus, intracerebrally) there was a focal degeneration of ganglion cells and perivascular cuffing.
Other Tissues
Only dog 2 (Lagos bat virus, intracerebrally) had lesions in the lung, heart, and spleen. There was marked pulmonary edema, with erythrocytes and proteinaceous material in many alveoli. Patchy interstitial hemorrhage with proteinaceous exudate was seen in both the right and left ventricles of the heart. Fibrinoid necrosis occurred in some arterioles, especially in the right ventricle. Splenic corpuscles contained pyknotic and karyorrhectic lymphocytes. Reticuloendothelial cells of the red pulp were reactive and hyperplastic, with a scattering of degenerate cells.
In all dogs, salivary glands, pancreas, kidney, brachial plexus, and sciatic nerve were histologically normal.
Histopathologic Findings in Monkeys Brain
In general, brains of monkeys that died had a diffuse nonsuppurative meningoencephalitis with neuronal degeneration, focal microgliosis, and perivascular cuffing (table II) . Lesions were similar in type to those in the dog, but frequently were less extensive in the frontal region. Although there was marked perivascular cuffing with mononuclear cells, the necrotizing vasculitis seen in the dog was minimal or absent. Affected vessels had prominent proliferating endothelial cells with perivascular infiltrates that consisted of lymphocytes, macrophages, and a sprinkling of polymorphonuclear cells. Numerous lesions were seen in the periventricular region of the lateral and fourth ventricles in the monkeys inoculated intracerebrally. In monkeys 74 and 75 (Mokola virus, intracerebrally and intramuscularly) lesions were sparse except in the brain stem region. Monkey 70 (Lagos bat virus, intramuscularly) had a focal encephalitis with discrete micro gliosis and perivascular cuffing, lymphocytes predominating. Lesions in this animal were confined almost exclusively to the white matter and were more numerous in the pons and medulla.
Spinal Cord
In the five monkeys that died there were lesions in all sections of the spinal cord, particularly in the anterior grey columns. In monkey 70, killed on day 108, the white matter was most affected. Focal meningeal infiltrates were present in the five animals that died ( fig. 3 ).
Trigeminal and Dorsal Root Ganglia
Foci of ganglionitis with cellular infiltration were seen in most monkeys. Ganglion cells were in various stages of degeneration, but Negri bodies were not found ( fig. 4 ). Usually adjacent nerve trunks were histologically normal, but focal neuritis was present in the nerve trunks (C3 region) of monkeys 70 and 75, inoculated intramuscularly.
Eyes
The ciliary muscle and IrIS III all monkeys had inflammatory changes, with lymphocytic infiltration and obliteration of normal architecture ( fig. 5 ). Mononuclear cells were sometimes seen at the filtration angle and in the extrinsic ocular muscles. Focal lesions in the retina were characterized by perivascular cuffing of vessels in the ganglion cell layer ( fig. 6 ). Other areas of the retina and optic nerve were histologically normal.
Inclusion Bodies in Central Nervous System of Inoculated Monkeys
Intracytoplasmic inclusions were seen in the brain stem and occasionally in hippocampal neurons or in Purkinje cells of the cerebellum. Inclusions were round to oval, 8-10 11m in diameter, and finely granular to fibrillar in appearance. In HE-stained sections, some neurons contained small, dense, eosinophilic granules that were relatively uniform and morphologically distinct from clumped Nissl substance. Intracytoplasmic inclusions indistinguishable from the classical Negri body ( fig. 7 ) were most clearly demonstrated in frozen sections stained with Sellers' stain.
Other Tissues
Foci of lymphocytic infiltration were present occasionally in the interacinar or periductal region of the parotid and mandibular salivary glands. Only in monkey 75 (Mokola virus, intramuscularly) were foci of mononuclear cell infiltration seen in the brachial plexus. Sciatic nerve, lung, heart, liver, spleen, kidney, and pancreas were normal in all monkeys. 
Fluorescent-A nti bo dy Studies
In genera l, th e br ightn ess, intensity, a nd extent of fluorescence in various a reas of th e b rain and spina l co rd were correlated wit h th e presen ce of viru s, eit her Lagos bat or M ok ola, as dem on st rated by mou se inoc ulation studies [27] . Neverthe less, in paired sections exa mined by fluorescent a ntibo dy st udies a nd light microscop y, th ere were numer ou s fluorescent cells in t he a bse nce of hist ol ogic evide nce of a n encep ha litic pr ocess. F luorescence was not , however, observed in t he centra l nervous system or ga nglia or other tissues o f th e dogs a nd monkeys th at did not die.
In th e a nimals that died , fluorescent foc i occ ur red in the cyto plas m of neu rons in both the br ain a nd sp ina l cord . Neuron s in the cere bral a nd cerebellar cortex were most frequently affected with fluorescence appearing as distinct granules in the cytoplasm. In Purkinje celIs of the cerebellar cortex, the nerve cell body and proximal portions of the dendritic processes were packed with fluorescent granules. Less frequently affected were neurons of the molecular and inner granular layers ofthe cerebellum, where fluorescent areas were smaller and usually concentrated in the perinuclear region. A few astroglial cells in the white matter of the cerebrum and cerebellum had fluorescent areas, but these were confined to the perinuclear region and adjacent process. In the leptomeninges, a few cells had intracytoplasmic fluorescence of reduced granularity and intensity as compared with that in affected neurons; these fluorescent cells were sometimes in areas with an obvious meningeal infiltrate. Within the brain substance, isolated fluorescent cells of reduced intensity were found in the cytoplasm of endothelial and perithelial cells. Fluorescence was not seen in perivascular cellular infiltrates. In trigeminal ganglia, fluorescent granules often were packed in large numbers in the cytoplasm of ganglion cells.
Discussion
The present histologic findings in dogs inoculated with Lagos bat or Mokola virus are similar to those described for rabies encephalitis in the dog: lesions most extensive in the grey matter but also numerous in the brain stem, cerebellum, and spinal cord [6, 9] ; these central nervous system lesions are more severe than in rabies-infected animals of other species and are often characterized by neuronal degeneration [9] . In the dogs of this study, however, meningeal involvement was more common than is usual in canine street rabies [6, 9] , and not only were cellular reaction and destruction more marked throughout the central nervous system, but lesions were more extensive in the cerebral cortex. The striking vasculitis seen in the brains of the present dogs is apparently not a prominent feature of rabies encephalitis [6, 9] . Among the dogs inoculated intracerebrally, those given Mokola virus had the more extensive lesions in the cerebellar cortex and spinal cord.
The myocardial damage in dog 2 (given Lagos bat virus, intracerebrally) is of interest, since myocardial lesions have been seen in a few cases of fatal rabies in man [21] . The myocardial damage in this dog may have been caused entirely by the vascular damage, with subsequent interstitial edema and hemorrhage. The marked pulmonary edema may have resulted simply from cardiac insufficiency, or, in part, from degenerative changes in the pulmonary vasculature. These cardiac and pulmonary changes may have contributed to the sudden demise of the animal. The vascular lesions and destruction of lymphoid tissue may have been virus induced; however, virus was not demonstrated in lung, myocardium, or spleen by fluorescent antibody and mouse-inoculation studies [27] .
Many studies of the pathogenesis of rabies encephalitis have stated that neurogenous pathways are the most important route of infection [7, 15, 22, 23] . JOHNSON [7] , for example, inoculated mice with fixed virus and concluded that the virus traveled to the central nervous system via peripheral nerves, with no evidence of infection of endoneural cells or extraneural tissues. Other studies, however, have shown that rabies virus may be isolated from whole blood [I I] and leukocytes [ I] of inoculated animals. BARATAWID-JAJA et at.
[1] found viral antigen in the leukocytes of mice inoculated intracerebrally with rabies virus from day 3 after inoculation until death. These two studies illustrate the possible role of the hematogenous spread of virus in rabies encephalitis, and the latter also supports the observation [17] that an inoculum given intracerebrally is largely extraneural. Although virus was not demonstrated in the cardiac and splenic tissue of dog 2, lesions in this animal could have been a result of hematogenous spread of Lagos bat virus. Furthermore, the demonstration of viral antigen in endothelial cells and the extensive vascular lesions seen in the central nervous system of dogs succumbing either to Lagos bat or Mokola virus suggest that damage may have been caused in part by hematogenous dissemination of these viruses. MURPHY et at. [19, 20] recently studied the pathogenesis of rabies and Lagos bat and Mokola viruses in inoculated animals. Sequential virus isolation, immunofluorescence, and electron microscopy were used. Virus was seen in unmyelinated distal nerve endings at the site of inoculation and in axons of peripheral nerves, but not in Schwann cells and satellite cells of ganglia [19] . They also noted centrifugal neural spread of these viruses from the central nervous system to the eye and peripheral nerve endings [20] .
HURST and PAWAN [5] described the histologic findings in monkeys inoculated intracerebrally or intramuscularly with a Trinidadian strain of rabies virus (vampire bat derived). The lesions they found resemble, in both distribution and aspect, those in the present series of monkeys. More necrosis was seen in our series, however, and meningeal involvement was more extensive. In the present study, trigeminal and dorsal root ganglia lesions correlated well with brain and spinal cord lesions, which supports previous similar observations [12] .
The clearly defined retinal and ciliary lesions In dogs and monkeys inoculated with Lagos bat or Mokola virus are thought to result from primary viral damage with subsequent inflammatory cell response. Such lesions have not been found in monkeys we infected with rabies virus; however, viral antigen has been demonstrated in the retina of hamsters fed tissue infected with rabies virus [4] .
In fluorescent antibody studies in mice inoculated intracerebrally or parenterally with rabies virus, fluorescence was found to be confined to the cytoplasm and present only in neurons [7, 8] ; the granular appearance of fluorescent areas in the cytoplasm of affected neurons has been emphasized [2, 7] . MATSUMOTO and YONEZAWA [16] inoculated organized cultures of ganglia from mice and rats with rabies virus and found that the virus replicated in both neurons and astroglial cells, which suggests that rabies virus may also replicate in neuroglial cells in vivo.
A similar pattern of fluorescence occurred in the tissues of dogs and monkeys inoculated with Lagos bat or Mokola virus, and weak fluorescence was sometimes seen in neuroglial cells, endothelial cells, and mononuclear cells in the leptomeninges.
Judging from the present data, Lagos bat and Mokola viruses in general produce a more necrotizing encephalitis than does street rabies virus. The Flury high-egg-passage strain of rabies virus likewise produces a more necrotizing encephalitis than does street virus [15] . SHOPE et al. [25] suggested that the viral matrix, which is presumed to constitute the Negri body [ 13] , is normally too small to be seen by light microscopy in neurons infected with Lagos bat virus; they also state that this accounts for the sparse numbers of inclusion (Negri) bodies seen with Mokola virus infections. It has been suggested [15] that fixed rabies virus damages neurons so extensively that inclusion bodies discernible by light microscopy do not occur.
In terms of morphology and site of replication of viral matrix and virions as seen by electron microscopy, Lagos bat and Mokola viruses clearly have similarities to rabies virus [13, 25] . These two agents also share the predilection of rabies virus for the central nervous system, ganglia, and salivary glands [15] . Fixed rabies virus, however, normally does not replicate in the salivary glands of the inoculated host [18] .
